Beamforming is an integral part of most signal processing systems in active or passive sonars. The delays used to generate a beam are functions of the sound velocity, which depends on temperature, salinity, and pressure. There is a loss in array gain if the delays are incorrectly set. This will occur when the sound velocity in the water surrounding the hydrophones is different from the velocity that was used to set the delays. This paint makes two points: (1) fixed delay line sonata suffer a loss in gain when the true sound speed in the water is different from the velocity that is used to set the delays, and (2) there are signal processing techniques for two-or three-dimensional arrays that yield source bearings that are independent of the true sound velocity. These techniques require variable time delays, which can be realized using digital processing.
INTRODUCTION
Bea•nforming is an integral part of most signal processing systems in active or p•ssive sonars, and is p•rt of the processing used to estimate target bearings. The delays used to generate a beam are functions of the sound velocRy, which depends on temperature, salinity, and pressure. Beamforming filters the received signals in "velocity sp•ce".l The filter is detuned, and the beam pattern distorted, if the delays are incorrectly set. z This will occur when the sound velocity in the water surrounding the hydrophones is different from the velocity that was used to set the delays. Current fixed delay line sonars do not ad•pt to changes in sound velocity. Modern hybrid electronic bea•nformers, on the other hand, can be made to adapt to changes in velocity if temperature and salinity are monitored. This paper makes two points: (1) fixed del•y line sonars suffer a loss in gain when the true sound speed in the water is different from the velocity that is used to set the delays, and (2) there are signal processing techniques for twoor three-dimensional arrays that yield source bearings that are independent of the true sound velocity. These techniques require variable time delays, which can be realized using digital processing. The first part of this paper presents some insight to the distortion that is caused when the delays are not correctly set as a function of the true velocity. The second part presents a signal processing method for bearing estimation that is independent of the true sound velocity.
I. THE RESPONSE OF A DETUNED BEAMFORMER
To simptify exposition, consider a horizontalplanar' array of K hydrophones. Let (x•,y•) denote the coordinates of the kth sensor (k=l,... ,K) with respect to a coordin2tte system whose origin is at the array's center. Let d0 denote the bearing of a distant source with respect to the x axis (Fig. 1) . Assume that the source is at the same depth as the array, so that the sound from the source propag•ttes across the array as a plane wave with velocity co, the sound velocity in the water. To compute the response, let the source be a single fre-. quency tone with unit amplitude. If the delays are set using-a velocity c, the beamformer's power response for a look angle 8 is given by 
